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Creating User Centred Designers.

The failure of practicing designers and engineers to encompass ergonomics issues
during the concept stages of their practice has long been a source of frustration for
both ergonomists and customers – ergonomists, because they know how their
discipline could inform and benefit the end product, and customers who have to
suffer the consequences of poor design.

Andrée Woodcock
Coventry University

The relationship between ergonomics and design has been well explored by this and
other authors, and different solutions have been put forward to address different
facets of the problem. Solutions may take the form of new methods to help designers
engage in more user centred activity – such as ergonomics decision support
systems, designer friendly ways of presenting ergonomics information and new
methods to help designers capture user requirements during the early stages of the
design process.
Having researched this area, and been a developer of these methods the author
believes that most are doomed to failure because they are introduced too late in the
career of the designer/engineer. The paper firstly examines the evidence for this
assertion – based on surveys of undergraduate designers and secondly looks at the
ways in which ergonomics (in particular user centred design) is being incorporated
into the school curriculum.
The surveys revealed that even first year undergraduate students have negative
feelings towards ergonomics and may not see its value as an integral part of their
study. Some of this can be attributed to their pre-university exposure to it.
A subsequent examination of secondary school specifications revealed that some
ergonomics might be taught in a wide range of subjects and that there is potential
for its wider inclusion. The second part of the paper addresses the different
strategies used to incorporate ergonomics in the school curriculum, the motivation
behind these initiatives and the likely benefits for the design profession.
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Abstract
The failure of practicing designers and engineers to encompass ergonomics
issues in their practice has long been a source of frustration for both ergonomists
and customers - ergonomists, because they know their discipline could inform
and benefit the end product, and customers suffer the consequences of poor
design. Although the relationship between ergonomics and design has been well
explored, and has led to the development of various solutions - these have not
had the major impact on design that was desired. This paper looks at a new
approach, through education, that might lead to the creation of more user centred
designers.
1 Introduction
During the evaluation of ADECT – an ergonomics decision support system for
designers and engineers in the automotive industry (Woodcock and Galer Flyte,
1998, Woodcock, 2003), it became apparent that, although the requirements of
designers and engineers, the end users of the system, had been met and the
system would benefit the design process, it would not be widely adopted. One of
the reasons postulated for this was that merely developing a tool would not alter
underlying attitudes and culture, and that these had to be addressed prior to the
introduction of design aids.
In this paper, firstly the role of ergonomics in the design process is considered
before examining the attitudes of student designers towards ergonomics. In the
final part of the paper, the way in which primary and secondary education may be
used to develop more user-centred designers is explored.
2 Ergonomics and design
Introducing ergonomics early in the design life cycle reduces problems of usage
and increases the acceptance, functionality and satisfaction derived from the
product. Where niche markets or small windows of opportunity are targeted it is
essential that the designers understand who they are designing for, and at least
fulfil, if not exceed, user needs and requirements. Where designs fail to meet the
brief specification, changes have to be made after considerable investment has
already been made. Such changes are likely to be reactive, superficial and

costly. If the design fails to meet user requirements it will fail to realise its full
market potential, resulting in decreased sales, customer loyalty and satisfaction.
The knowledge that this matter happen because of poor ergonomics provides an
incentive for increasing ergonomics in design practice and teaching in tertiary
education. Given that it is not always possible to employ an ergonomist or
consultant, tools have been developed to more fully support the use of
ergonomics in design.
Once such system – ADECT – was developed to support the integration of
ergonomics in the early stages of automotive design. Background research
showed that although the ambition of the design teams was to create an
ergonomically perfect car, ergonomics was just one of a number of factors that
had to be considered and this was also influenced by organisational structure,
cost, market trends and design compromises. Additionally, although ergonomics
information and methods were available to guide the design, frequently designers
relied on their own experience (Pheasant, 1986), rules of thumb, the ability of
users to adapt themselves or the artifact to alleviate problems brought about by
poor design, and the prominence of appearance and styling in influencing
purchase. Without a champion in team discussions, user requirements slipped in
priority, or it was assumed they would naturally be incorporated into the design,
especially when the value of ergonomics could not be measured in terms of
increased sales. In such cultures, ergonomics cannot guide the underlying
philosophy, rationale or techniques used to guide design.
From this study it was concluded that in an ideal world an ergonomically perfect
car could be designed, but in practice issues militated against this. This included:
•

ergonomics related issues - lack of designer-friendly tools and techniques,
easily transferable data and findings to the current design task; presentation
of research results which serve the needs of the discipline, but not
practitioners.

•

design related issues - reliance on previous successful solutions, intuition,
personal experience and that of colleagues; shortage of time and need for
trade-offs; failure to locate appropriate literature and include behavioural
criteria; the rush to design; the role of the design engineer/manager in
determining departmental culture; the role of ergonomics in the design
specification ; the perception of the user and their similarity to the designer
(e.g. Pheasant, 1988); that humans can adapt to overcome design
inadequacy; that nothing can be done about behavioural vagaries; and that
appearance and styling influence purchase more than ergonomics.

•

macro level issues - organisational structure, communication channels,
language/cultural differences which curtail cross disciplinary understanding.

So although ergonomics is seen as important it can slip in importance alongside
other factors and given the time constraints on design, merely providing another
method or technique in a process already stretched in terms of resources is not
plausible. Therefore, to make any real in-roads into influencing decision-making
requires a change of culture and philosophy.
So, what is needed to enhance the effectiveness of ergonomics is a means of
establishing a pro-ergonomics culture that would automatically adopt user
centred design and take a holistic, multidisciplinary approach to problem solving.
Such a wide scale change can only be brought about through education.
Shapiro (1995) identified the role and education of design engineers and
managers as critical in influencing the culture of departments and called for
greater inclusion of ergonomics modules in degree courses.
3 Ergonomics in degree courses
As with the incorporation of ergonomics into the product life cycle so it is with
incorporating ergonomics into design education: the earlier it is done the more
effective and acceptable the outcome.
As part of their design education, would-be designers (especially those
specialising in industrial design) receive some introduction to ergonomics.
Usually this is in the form of a series of lectures or a complete module in
ergonomics. In the past, ergonomics has primarily been seen and taught as a
combination of anthropometry and 'knobs and dials'. Here, the student designer
is made aware of existing sources of ergonomics information (or data) and urged
to refer to these during design. This encourages the student designer to take
account of known ergonomics information particularly physical characteristics
such as shape, size, strength, reach. However, this is not always exactly what
the designer requires, for example the reach data may not provide exactly the
dimensions needed for the innovative product under development. Therefore,
student designers are also provided with tools to enable them to gather the
information they require for themselves. Design textbooks include sections on
task analysis and other ergonomics methods. A growth in student designers’
ergonomics education may be measured as a movement from simply wanting to
be provided with ergonomics information through to wishing to understand and
measure user requirements, their physical characteristics and limitations.
A survey by Woodcock and Denton (2001) showed that some first year
undergraduate design students have negative feelings towards ergonomics and
may not see its value as an integral part of their study experience. For example,
of the 66 industrial design first years surveyed 83% would have liked more
ergonomics at school. However, the 17% who did not, thought ergonomics was
either boring or uninteresting, restricted creativity, detracted from the main
course, and did not alter the design outcome. Of the students who had been
taught ergonomics, only a third thought they had been taught well.

If students graduate with negative attitudes towards ergonomics, not only will
they never champion user needs in their professional careers, but we as
educators would be failing to provide industry with the mature designers it needs,
Given that first year undergraduates had reservations about the usefulness of
ergonomics, it was hypothesized that this had to be based on prior exposure to
ergonomics.
4. Ergonomics in secondary schools
Denton and Woodcock (1999) surveyed 350 first year design and engineering
undergraduates, to ascertain whether students remembered receiving any
ergonomics tuition in either their pre- 16 or post 16 year old courses and the
extent of their ergonomics understanding. Less than half the respondents
remembered any teaching of ergonomics in this subject, with only 20 of the 150
who took Design and Technology remembering in-depth teaching. Although not
specifically mentioned as a requirement in other subjects, we found evidence of
some teaching of ergonomics in PE, Information Technology, Biology and
Physics.
A subsequent content analysis of the AQA specifications (Woodcock, 2002)
confirmed that ergonomics related issues were included in more ‘GCSE’ and ‘A’
level syllabi and as such there was great potential for the development of
teaching material (e.g. videos, case studies). For example at ‘GCSE’ level
ergonomics related content was found in ICT, Business and Communication and
Design and Technology and at ‘A’ level in Business Studies, Design and
Technology (Systems and Control Technology), Computing, Design and
Technology (Product Design), and Information and Communication Technology
(ICT), with the latter three having the greatest content. So a student taking an
ICT related course could be taught HCI and the impact of technology on an
organisation (perhaps as a case study), one taking business studies may
investigate issues such as sickness and absenteeism, incentive schemes and
put forward recommendations based on their observations, and a student
designing a small product would look at user requirements, and address how
these were met in their final design.
In terms of the wider role of ergonomics, the first lessons in Design and
Technology and Science are spent examining health and safety issues in the
laboratory, workshop or studio and designing posters to warn others. This shows
the scope for additional material to be generated to facilitate the practical
application of ergonomics.
However, the following should be noted:
• Although ergonomics related issues were mentioned in the specifications,
they never featured prominently and very rarely was the term ergonomics
used per se.
• There was no indication of the level or depth of tuition or the quality of work
expected.

•
•

Assessment weightings for ergonomics elements such as evaluation, were
not high, i.e. the emphasis was more on the demonstration of practical skills
rather than requirements gathering and evaluation
Given that ergonomics was not of central importance in any subject it might
receive only scant coverage unless formally assessed.

The main conclusion from these investigations was that ergonomics is taught in
schools, but not necessarily as ‘ergonomics’. Where it is taught, the preferred
manner of teaching is through practical exercises or multiple methods.
Undergraduate disillusionment may be attributed to poor teaching methods, lack
of understanding, failure to integrate ergonomics as a core discipline and
assessment bias.
There is potential for ergonomists to develop material to support teaching as
teachers themselves may lack the time, resources and knowledge. The next part
of the paper addresses different strategies that could be used to incorporate
ergonomics in the school curriculum.
5. Ergonomics as a subject
Initiatives include
1. UK Ergonomics Society Web page for teachers and pupils at
http://www.ergonomics4schools.com/index.htm which contains information
and definitions about core areas of ergonomics,
2. Woodcock and Bartlett’s (2003) based teaching and learning activities for
primary school children upwards to stimulate the development of ergonomics
related projects in a number of subjects e.g. biology, IT and design and
technology, with related links, tutorials and learning outcomes.
3. Woodcock et al’s (2003) activity pack, used animal metaphors to encourage
user centred design in 4 to 6 year old children to explore issues which need to
be considered in the design of material for this age group.
4. Ergonomists going into schools to deliver individual lessons (Galley et al,
2004)
The following conclusions can be drawn from these:
• Teaching ergonomics to children is fun, rewarding and challenging,
• Material should be designed so that all children can achieve their fullest
potential. There is a wide variation in ability, attention, motivation and
experience in classes. Material has to be tailorable/adaptable so that all
children are included and can make valid contributions,
• Activity/project based learning is the preferred teaching method,
• Learning aims, objective and outcomes should be explicit,
• The subject matter should be of interest to, and understandable by children.,
• The ability of children should not be underestimated. Where material makes
sense to children, and they are involved in a complete process they can
understand ergonomic concepts e.g. 3 year olds understood user centred

•
•

design, animal metaphors, camouflage, adaptation and use of different
habitats. This also applies to more scientific investigations,
All material has to support key skills as well as subject specific criteria
otherwise it will not be used.
Material should also support wider key skills. In developing material for the
web site I designed activities that would require students working together,
data collection and analysis, internet skills, consideration of wider social,
technological and cultural issues (e.g. the use of cars, mobile phones and
computers) and taking responsibility for one’s own health and well being.

So far in this paper I have shown that ergonomics is still not being used to its
maximum potential for a number of reasons. The most intractable of these are
embedded in the fabric of cultures and organisations. I have also shown that
children can understand and be taught aspects of ergonomics if an active
learning, student-centred approach is employed and that teaching in these areas
is occurring, in some cases, without the input of trained ergonomists.
Over and above lessons in ergonomics, in the last section I will postulate
different approaches to the design and delivery of ergonomics for children,
bearing in mind the need to address not just subject specific issues but also
wider key skills, education for life and citizenship. In so doing, it is hoped that the
long-term benefits of such approaches will be seen
6. Creating opportunities for children to become aware of user centred issues
To create user centred designers it is necessary to develop learning experiences
that allow students to understand the multidimensional and interdependent
nature of user requirements, see and experience this for themselves and provide
opportunities for students to effect change on their environment and the products
they use. This could be facilitated in both primary and secondary education
through lessons that encourage:
1.Explicit mention of user issues, especially during concept, investigation and
evaluation stages of design activities
2. Observation of children’s understanding and application of user requirements
in their everyday activities as well as design projects per se.
3. Development of ergonomics curriculum material to support teachers.
4. Reversal of the shift in emphasis away from the user in secondary education.
However, it could be argued that merely providing lessons in ergonomics will not
create ergonomists or user centred designers – merely providing lessons in
mathematics, fails to produce many mathematicians. What is needed is a more
holistic approach to the integration of ergonomics/user centred design in the
fabric of the school and in moving ergonomics out of the classroom.

For example, if we look at school design – the whole school, its actors, resources
and structures should be designed to facilitate, support and promote learning and
healthy growth and development. We know that attention spans are limited and
yet we continue forcing children (and adults) to listen attentively for periods of
between 20 and 180 minutes; we know that it is uncomfortable to maintain a
static posture for long periods, yet children are punished for fidgeting; that
children need regular physical exercise yet reduce opportunities to engage in
sport out of the curriculum; that lower ceilings increase a sense of security in
young children etc. Until we apply ourselves to the design of environments in
which children spend 10 years of the most formative periods of their lives, we are
sending mixed messages. For example, if we teach about the value of
workspace and lay out design then the environment in which we teach it should
be designed according to the principles we expound.
Bennett and Tien (2003) have led the way in showing how school children,
teachers and parents can improve their own environments (for example by
understanding the problems associated with poor workstation design) and
develop low cost, practical solutions to increase comfort and reduce
musculoskeletal damage. Such an approach can be applied to many situations
around the school such as lighting, equipment design and fitness. Once
stakeholders start to take a more pro-active approach to reducing the problems
caused by poor ergonomics, they can put forward recommendations for further
improvements. In this way children and their parents are stakeholders in the
design of their working environment and we are providing children, very early on
in their educational careers with opportunities to effect change through looking at
user requirements and the consequences of making changes in design.
Closely related to the above, is the idea that ergonomics is not something that
relates just to work or classrooms, but can be used to promote psychological and
physical health and well-being for individuals and societies. For example
understanding the correct way to carry or move heavy loads applies equally well
to the construction industry, newspaper rounds and loading of cars. Taking a
systems overview to transport problems (such as tailgaters, traffic jams, poorly
designed cars and accidents) may not only reduce individual stress but also
promote a better car culture. Working with school nurses, children can be shown
how understanding the relationship between health, exercise, diet and sedentary
activities (at home or work) may lead to better health and fitness.
By taking a user centred approach to negotiation we start to value the input of all
stakeholders etc. In these cases ergonomics is no longer just another factor that
has to be considered in striking a comprise, but an underlying philosophy.
7. Conclusions
Designers and engineers can view ergonomics negatively. The development of
tools and methods, and lectures in ergonomics have not broken down this
barrier. Societal pressures (e.g. increasing incidents of obesity, an ageing
population, computer related health problems) require us all to take a more

proactive approach to the design of our leisure and work environments, with an
onus on designers in particular to safeguard our future health and well-being. To
effect the change in mindset required to accomplish this requires user centred
design to be adopted from primary school upwards.
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